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High performance tubularsfor critical oil country applications and process for their preparation. 


A high performance carbon steel tubular for critical Oil 
Country applications and a process for its preparation are 
disclosed. The tubular is particularly adapted for use in deep 
wells where the tubular may be subjected to high pressure, 
wide temperature ranges, and/or corrosive environments, 
which may include hydrogen sulfide, carbon dioxide, and 
brine water, together with hydrocarbons. The process com- 
prises forming the steel into tubular form, intercritically heat 
treating the form, removing surface defects, cold working the 
tubular form to finished dimensions, intercritically heat 
treating the tubular form, and quenching and tempering the 
finished tubular. 
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HIGH PERFORMANCE TUBULARS FOR CRITICAL OIL COUNTRY 
APPLICATIONS AND PROCESS FOR THEIR PREPARATION 


Background of the Invexrtion 
Field of the Invention 

The present invention relates to tubulars for 
deep oil and gas wells and a process for the preparation 
of such tubulars. More particularly, the invention relates 
to tubulars, commonly known as Oil Country Tubular Goods 
(OCTG), for use in wells 15,000 to 35,000 feet deep, which 
may be subjected to high pressures, wide temperature ranges, 
and/or corrosive environments which may include hydrogen 
sulfide, carbon dioxide, and brine water along with hydro- 
carbons as constituents. 

Discussion of the Prior Art 

In recent years, work has been done to develop 
well tubulars having higher strength and better resistance 
to failure under severe stress and corrosive applications. 
This work was necessitated by the demand for tubulars suit- 
able for use in deep wells in the range of 15,000 to 35,000 
feet deep, where pressures and temperatures may exceed 
15,000 psi and 250°F. , respectively. In addition, the 
tubulars may be subjected to highly corrosive atmospheres 
containing large quantities of hydrogen sulfide (H 2 S), 
carbon dioxide (C0 2 ), brine water, and/or associated 
hydrocarbons. Tubulars subjected to these conditions may 
fail in a matter of hours due to sulfide stress cracking. 
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The sulfide stress cracking characteristic of 
ste 1 tubulars may be influenced by many factors, including 
the chemistry of the steel, the nature and amounts of 
alloying elements, the microstructure of the steel, the 
mechanical processing of the steel, and the nature of the 
heat treatment which may be provided* 

Over the years, many attempts have been made to 
overcome the sulfide stress cracking problem in carbon 
steels, but prior to the present invention, no fully 
satisfactory solution has appeared. 

The following patents illustrate the current 
state of the art. 

A process for making seamless tubes using the 
so-called Pilger process, followed by reheating to forging 
temperatures (preferably in the neighborhood of 2100°F. ), 
and subsequent finishing in a plug mill, reeler, and sizing 
mill, is shown in U.S. patent 1,971,829. 

U.S. patents 1,993,842, 2,275,801, and 
2,361,318 disclose casing in which the collapse resist- 
ance is increased by subjecting the casing to cold radial 
compression up to 2 percent or slightly greater. 

U.S. patent 2,184,624 discloses a heat treatment 
above the upper critical point followed by slow cooling 
prior to cold drawing to improve the machining qualities 
of a tube. 

U.S. patent 2,293,938 suggests a combination of 
cold working a hot-rolled tube in the range of 5 to 10 
percent, followed by a heat treatment below the lower 
critical point to increase the collapse resistance and 
maintain ductility. 

Another method for improving properties, such 
as collapse resistance, is shown in U.S. patent 2,402,383, 
which discloses sizing a tubular casing formed about 3 to 
10 percent over size while at a temperature somewhat below 
the lower critical temperature in the range of 650° to 1000 °F. 

U.S. patent 2,825,669 seeks to overcome sulfide 
stress corrosion cracking in a low carbon (less than 0.20C) 
composition by adding chromium and aluminum and heat treating 


0064730 


in the range lying between ACi and Ac 3 followed by an aus- 
tenitizing heat treatment and an anneal. U.S. patent 
2,825,669 also teaches that if the carbon is too high (e.g. 
above 0.20C), the resistance to stress corrosion cracking 
is impaired. 

Another approach to the stress corrosion problem 
in low carbon steel (0.10 to 0.25C) by heat treating is 
disclosed in U.S. patent 2,895,861. In this patent, the 
steel is austenitized for about one hour, followed by air 
cooling. Thereafter, the steel is tempered above the Ac 1 
point for about one hour. 

U.S. patent 3,655,465 discloses a two-stage heat 
treatment for oil well casing involving an intercritical 
heat treatment to produce not more than 50 percent of an 
austenite decomposition product upon cooling. Thereafter, 
the product is tempered below the lower critical point. 

U.S. patent 3,992,231 shows still another approach 
to the problem of overcoming sulfide stress cracking in 
SAE 41XX steels. In this process, the steel is austeni- 
tized, quenched, and thereafter temper-stressed at a 
temperature below the transformation temperature by 
quenching the inner surface of the heated tube. 

U.S. patent 4,032,368 discloses a process for 
reducing the time and energy required to perform an 
intercritical anneal for hypoeutectoid steel. 

In U.S. patent 4,040,872, a method for 
strengthening a hypoeutectoid steel is disclosed. This 
comprises rapidly heating the steel into the austenite 
range (1350° to 2000°F.), quenching it, and then providing 
substantial cold working below the lower critical tempera- 
ture . 

Finally, in U.S. patent 4,226,645, a well casing 
having improved hydrogen sulfide stress cracking resistance 
is proposed. This patent discloses a tubular formed from 
an aluminum-kill ~d steel containing controlled amounts of 
molybdenum, vanadium, and chromium, which is heat treated 
by austenitizing in the range of 1550 to 1700°F., quenching, 
and then tempering at 1200° to 1400 F. to produce a maximum 
hardness of 35 Rockwell C. 
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Specifications for deep well tubulars have been 
prepared by the American Petroleum Institute and various 
users. Such specifications describe grades of tubulars 
having yield strengths of, for example , 80,000, 90,000, 
95,000, 110,000, 125,000, and 140,000 psi. A typical 
chemical composition for a modified 41XX steel for a 90,000 
psi grade, which can be used in practicing the invention, 
is specified in Table I, below: 

Table I 


Constituent: 

Min. % 

Max. % 

Carbon 

.20 

.35 

Manganese 

.35 

.90 

Chromium 

.80 

1.50 

Molybdenum 

.15 

.75 

Nickel 


.25 

Copper 


.35 

Phosphorus 


.04 

Sulfur 


.04 

Silicon 


.35 


The steel is fully killed and has a grain size of ASTM 5 
or finer ♦ The specification provides for an inside-outside 
quench following an austenitizing treatment so as to result 
in at least 90 percent martensite in the as-quenched condi- 
tion* After tempering, the final hardness is specified 
in the range of 18 through 25 Rockwell C. Any surface 
defects, such as inclusions, laps, seams, tears, or blow 
holes, are required to be removed by grinding or machining 
to provide a minimum wall thickness of at least 87.5 percent 
of the nominal wall thickness* 

Brief Summary of the Invention 

The present invention resulted from applicants 
efforts to produce a tubular having improved resistance 
to sulfide stress cracking, high toughness, high collapse 
strength and which would meet or exceed the above specifi- 
cations for a 90,000 psi minimum yield strength tubular, 
as well as other grades of similar tubulars, such as those 
having minimum yield strengths of 80,000, 95,000, 110,000, 
125,000, and 140,000 psi. 
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A modified AISI 4130 steel having the composi- 
tion range shown in Table II b low is preferable for the 
practice of the present invention. 


Table II 


Constituent 

Min. % 

Max. % 

Carbon 

0.26 

0.33 

Manganese 

0.40 

0.80 

Phosphorus 


0.02 

Sulfur 


0.025 

Silicon 

0.25 

0.35 

Copper 


0.25 

Chromium 

0.75 

1.30 

Molybdenum 

0.20 

0.60 

Nickel 


0.25 

Tin 


0.015 

Vanadium 

0.06 

0.15 


With the foregoing in mind, we provide in accord- 
ance with the invention a process for manufacturing high 
performance tubulars having (a) minimum yield strengths 
ranging from 80,000 to 140,000 psi, and (b) improved sul- 
fide stress cracking resistance, characterized by provid- 
ing a killed steel, comprising in amounts by weight 0*20 
to 0.35 percent carbon, 0.35 to 0.90 percent manganese, 
0.80 to 1.50 percent chromium, 0.15 to 0.75 percent 
molybdenum, 0.25 percent maximum nickel, 0.35 percent maxi- 
mum copper, 0.04 percent maximum phosphorus, 0.04 percent 
maximum sulfur, 0,35 percent maximum silicon, and the 
balance iron, except normal steel making impurities, form- 
ing the steel into tubular form, wherein the cross-sectional 
area of the tubular form is in the range of .10 to 40 percent 
larger than the cross-sectional area of the finished tubular, 
subjecting the tubular form to a first intercritical heat 
treatment to recrystallize and refine the grain structure, 
removing surface defects, sizing the heat-treated tubular 
form by cold working to the finished tubular dimensions, 
subjecting the sized tubular to a second intercritical 
heat treatment to recrystallize and refine the grain struc- 
ture, and subjecting the finished tubular to a quench and 
temper treatment wherein the tubular is austenitized, 
quenched, and tempered to produce a substantially tempered 
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martensitic structure having a minimum yield strength in 
the range of 80,000 to 140,000 psi. 

The steel used in our process is preferably 
refined in an electric arc furnace using a double slag 
process, and continuously cast into blooms or billets. 
The steel is preferably made tubular by piercing and ex- 
truding the blooms or billets to form a heavy wall extruded 
shell whose cross-sectional area, as noted, is in the range 
of 10 to 40 percent over size. Following the extrusion 
step and the intercritical heat treatment by which the 
grain size of the material is refined, the heavy wall 
extruded shell has exterior defects removed therefrom, 
preferably by contour grinding, whereafter it is sized by 
substantial cold working. The second intercritical heat 
treatment is then provided, as will be explained more fully 
below, followed by finishing the tubular thus formed by 
the quench and temper treatment. Preferably, the quench 
is of the inside-outside type, particularly where heavy 
wall casing is involved. 

The finished tubular of the present invention 
is virtually defect- free, easily inspectable, and charac- 
terized by improved drift diameter. It has a closely con- 
trolled yield strength range with a correspondingly narrow 
range of hardness. The microstructure is characterized 
by a fine grain which is substantially tempered martensite, 
while the properties are characterized by an improved 
resistance to sulfide stress cracking, high toughness, 
and a high collapse strength. The materials which may be 
used for making tubulars having the foregoing properties 
are more particularly disclosed in NACE STANDARD MR-01-75 
published by the National Association of Corrosion Engineers, 
1980. 

Detailed Description of the Invention 

As shown in Tables 1 and II, above, applicant 
has used relatively narrow ranges of chemical composition 
for his high performance tubulars for critical oil country 
applications. This composition has been selected so as 
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to minimize alloy segregation while providing* excellent 
hardenability and toughness. In order to achieve a high 
degree of cleanliness, it is preferabl to refine the 
steel composition in an electric arc furnace using a 
double slag technique. Such a process is capable of pro- 
ducing closely controlled heats within the desjLred*ranges 
of chemistry* 

Although the refining technique is useful in 
achieving cleanliness, it is preferable to cast the 
finished heat by : a continuous casting process rather than 
an ingot process, as the higher controlled cooling rates 
associated with continuous casting inhibit segregation in 
the bloom or billet. 

It has been noted above that a fine grain struc- 
ture is desirable in the finished tubular. This may more 
readily be attained if, at each step in the process, con- 
sideration is given to the effect of that process step on 
grain size and other properties. Thus, since applicant 
contemplates employing an extrusion process to prepare 
the extruded shell, the piercing step is the first point 
at which refining of the as-cast grain structure can begin 
and ultimate concentricity of the inside and outside 
finished tubular walls affected. To improve concentricity, 
applicant prefers to machine the blooms or billets to pro- 
duce a true cylindrical external surface yhipli : is free 
from scale and then to bore a concentric intej^nal dia^ejter. 
With the establishment of concentric inside and qutside 
surfaces, the bloom or billet may, if desired, be forged 
to expand the inside diameter prior to extrusion. Alter- 
natively, the bloom or billet may be upset forged and 
drilled or trepanned in lieu of piercing. Such forging 
provides an initial refining of the as-cast grain structure. 

Applicant prepares the tubular form, preferably 
by an extrusion or similar process, although a rotary pierc- 
ing or welding process also may be employed. During hot 
forming processes, considerabl forging or working is ac- 
complished with a corresponding refinement of the grain 
structure through distortion of the original as-cast grain 
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structure. The extrusion process, however, has a parti- 
cular advantage in the present invention. Surface defects, 
which may be present in the cast bloom or billet or which 
may be introduced during processing, will appear as 
elongated axially-located defects on the surface of the 
extruded shell. Because the defects are positioned 
axially instead of helically on the surface of the extruded 
shell (as occurs in the rotary piercing process), they 
can more easily be removed by contour grinding. 

Following extrusion, applicant performs an inter- 
critical heat treatment followed by defect removal. For 
steel compositions containing about 0.30 percent C, the 
lower critical temperature (Ac x ) is about 1375°F., while 
the upper critical temperature (Ac 3 ).is about 1500°F. 
Below the Ac x point, the composition comprises pearlite 
and ferrite, while between the Acj and Ac 3 points, the 
composition comprises austenite and ferrite. Above the 
Ac 3 point, the composition is entirely austenitic. Within 
the intercritical range, the ratio of ferrite and austenite 
depends on the temperature under equilibrium conditions: 
at close to 1500°F. (for a steel containing 0.30 percent 
C), the composition is almost entirely austenite with only 
small amounts of ferrite. On the other hand, at 1375 °E% , 
the composition will contain ferrite as the major component. 
Thus, the temperature at which the intercritical heat treat- 
ment is performed determines the ratio between ferrite 
and austenite. On the other hand, the time of the heat 
treatment is not significant so long as sufficient time 
is allowed for the extruded shell to attain a uniform 
temperature so as to approximate equilibrium conditions. 
Intercritical heat treatment times in the range of 15 
minutes to one hour are contemplated for an extruded shell 
having a wall thickness in the range of 1/2 to 1 inch. 

Applicant has discovered that the intercritical 
heat treatment should be carried out at a point preferably 
just below the Ac 3 point, i.e., at about 1475°F., for 
steels having a carbon content of about 0.30 percent. At 
this temperature, the grain structure will tend to recrys- 
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tallize as relatively smaller grains. Following the 
intercritical heat treatment, cooling may be accomplished 
in any convenient manner, as such cooling is not critical. 

In accordance with a further feature of the 
invention, the extruded shell, initially extruded so as 
to be 10 to 40 percent over size, is then cold worked to 
specified size. This cold working may be accomplished by 
Pilgering, rolling, swaging, or drawing, although cold 
working over a mandrel is preferred. Where the subsequent 
cold working is in excess of 10 percent, a significant 
degree of grain size refinement, after heat treatment, 
can occur. Preferably, the cold working during this step 
of the process is on the order of 20 percent so that a 
substantial degree of grain size refinement can be 
accomplished. This results in increased toughness and 
improved sulfide stress cracking resistance, properties 
significant in high pressure deep well tubulars. 

Cold working to size after removal of surface 
defects by grinding produces another improved effect. 
Particularly where the cold working is performed over a 
mandrel, the process tends to "iron-out" or smooth out 
the contour ground surface so as to reduce the average 
depth of the ground area. Where cold working of about 
20 percent is accomplished, original ground areas as deep 
as 30 percent of the wall thickness can be reduced to 
less than 5 percent of the nominal wall thickness. This 
has an additional advantage in that, from a fracture 
mechanics analysis, the toughness requirement for the 
product is decreased when the defect depth is reduced. 

It will be appreciated that, where a mandrel is 
involved in the cold working process, surface irregulari- 
ties on the interior surface of the tubular tend to be 
"ironed-out" as well as those on the exterior surface. 
In addition, the cold working over a mandrel process 
permits a closer control of the inside and outside 
diameters of the tubulars and the roundness of the 
tubulars. These characteristics are interrelated and 
improve the quality of the tubulars in several respects. 
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First, the reduction in wall thickness variation resulting 
from the elimination or r duction of contour ground areas 
increases the collapse strength of th tubulars. Second, 
the improved control over wall thickness, roundness, and 
concentricity (resulting from reduced defect depth) per- 
mits the tubulars to be manufactured closer to the toler- 
ance limits for the inside and outside diameters, thereby 
increasing the drift diameter of the tubulars. API drift 
is defined as: Nominal OD - 2t - size tolerance, where 
OD = Outside Diameter and t = wall thickness. 

Following the cold working to size step, pre- 
ferably accomplished by cold working over a mandrel, 
applicant provides a second intercritical heat treatment 
wherein the sized tubular is again brought to a tempera- 
ture between Ac 2 and Ac 3 . At this time, the grain struc- 
ture has been substantially distorted because of the cold 
working and contains strains generally along the slip 
planes of each grain. During the intercritical heat treat- 
ment, recrystallization occurs from ah increased number 
of riucleation sites created by the cold working process 
and thereby further refines the structure. Due to the 
relatively low intercritical temperature, grain growth is 
inhibited. The time for the heat treatment is not critical, 
provided that sufficient time is provided for complete 
recrystallization. For tubulars having wall thicknesses 
ranging from 1/2 to 1 inch, times in the range of 15 
minutes to one hour at temperature are acceptable. 

As noted above, quench and temper steps are per- 
formed as final processing steps. Preferably, the sized, 
and intercritical heat-treated, tubular is soaked at a 
temperature in the range of 1650° to 1700°F. for the 
minimum time required to assure complete austenitization. 
This, in turn, minimizes grain growth. Where the wall 
thickness of the tubular is more than 1/2 inch, it is 
preferable to use an inside-outside water quench to assure 
that substantially complete transformation of the austenit 
to martensite occurs. Preferably, the temperature of the 
tubular after quenching is held to a maximum of 200°F. 
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After the quench, the tubular is heat treated 
to a temp red martens ite structure at a temperature below 
Ac x to produce the required yield strength and hardness. 
For 80,000 to 140,000 psi yield strength materials, the 
5 tempering temperature generally will be in the range of 

1100° to 1350°F. 

As will be appreciated by those skilled in the 
art, it may be found desirable to straighten the tubular 
at one or more points in the process ♦ Straightening may 

10 be performed by processes such as the well-known rotary 

straightening process. 

In order to disclose more clearly the nature of 
the present invention, the following examples illustrating 
the invention are given. It should be understood, however, 

15 that this is done solely by way of example and is intended 

neither to delineate the scope of the invention nor limit 
the ambit of the appended claims. In the examples which 
follow, and throughout the specification, the quantities 
of material are expressed in terms of parts by weight, 

20 unless otherwise specified. 

EXAMPLES 1 and 2 

( Heats 63910 and 73355 ) 

Casings were produced which bracketed the 90,000 
to 105,000 psi yield strength range for a 90,000 psi minimum 
25 yield strength grade using two distinct manufacturing pro- 

cesses: 

1) Extrude, Q&T Heat Treatment 

2) Extrude, (Normalize) Intercritical Heat 
Treatment - Draw over Mandrel - Inter- 

30 critical Heat Treatment, Q&T Heat Treat- 

ment. 

The first of these processes corresponds to a standard 
method of manufacture for this grade casing where a hot 
formed tube is heat treated to the proper strength range. 
35 The second process includes the applicant's intercritical 

heat treatment and cold working steps described herein, 
but is otherwise identical, as described below. Tube 
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samples from each of these processes were tested according 
to the NACE TM-01-77 standard test method for charac- 
terization of their resistance to failure by sulfide 
stress cracking. 

Heats having chemistries as shown in Table III, 
below, were prepared in an electric arc furnace using a 
double slag process and continuously cast into 12.486 inch 
modified square blooms for piercing and extrusion. 

TABLE III 


Heat 63910 

Heat 73355 

0.30 

0.32 

0.57 

0.79 

0.016 

0.009 

0.021 

0.011 

0.25 

0.34 

0.24 

0.21 

1.20 

1.03 

0.54 

0.24 

0.14 

0.10 

0.012 

0.009 

0.096 

0.12 

0.004 

0.005 


Constituent 

Carbon 
Manganese 
Phosphorus 
Sulfur 
Silicon 
Copper 
Chromium 
Molybdenum 
Nickel 
Tin 

Vanadium 
Aluminum 

The blooms were pierced and then extruded to a 
diameter of 7.8 inches on two occasions. First, to assess 
the efficiency of the martensitic transformation upon 
quenching, casing was extruded for nominal 7-5/8 inch OD 
having 0.500 and 1.200 inch wall thicknesses. These casings 
were austenitized for about 45 minutes at 1675°F. and 
simultaneously inside and outside water quenched to 200°F; 
maximum. The casings were tempered at about 1250° and 
1300°F. for about 1 hour to produce the range of yield 
strengths shown in Table IV. The tempered casings wer 
cooled with a water spray. Table IV also shows the results 
of sulfide stress cracking tests performed on these tubes. 

Next, tubes were extruded as 7-5/8 inch OD and 
.712 inch wall thickness from blooms from the same two 
heats previously used. The extruded sh lis were subjected 
to an intercritical heat treatment of 1475°F. for about 
20 minutes with slow cooling through the transformation 
range, followed by contour grinding of the OD scores, etc. 
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The extruded and condition d shells wer drawn ov r a 
mandrel to produce a 7-inch OD tube having a wall thick- 
ness of 0.625 inch, such drawing represented a reduction 
in area of about 20 percent. Thereafter, a second inter- 
5 critical heat treatment was performed at 1475°F. for 20 

minutes and cooled slowly through the transformation range. 

These casings were austenitized for about 45 
minutes at 1675°F. and simultaneously inside and outside 
water quenched to 200°F. maximum. The austenitized and 

10 quenched casings were tempered at about 1285 °F. for 45 

minutes and cooled with a water spray. 

The yield strength obtained is determined by 
the temperature used in the tempering step following 
quenching, the relationship between temperature and yield 

15 strength being tabulated below: 

Tempering Temperature 

Range Yield Strength Range- " 

1250°F - 1350°F 80, 000- to 95,000 psi 

1250°F - 1325°F 90,000 to 105,000 psi 

20 1225°F - 1300°F 95,000 to 110,000 psi 

1200°F - 1275°F 110,000 to 125,000 psi 

1150°F - 1250°F 125,000 to 140,000 psi 

1100°F - 1200°F 140,000 to 155,000 psi 

Table V shows the results of tubes 35 and 41 
25 from this trial processing run. These tubes were selected 

because tube 41 had received a 1700°F normalizing treatment 
just prior to the first intercritical heat treatment while 
tube 35 did not receive the normalizing treatment. 

A comparison of the sulfide stress cracking 
30 results for the tubes manufactured by the conventional 

and new processes with all other conditions controlled as 
nearly identical as possible may be made using the data 
shown in Tables IV and V. Table IV, for the conventional 
process, shows a threshold stress (no failure in 720 hours 
35 exposure time) for the two heats and wall thicknesses of 

80,000 to 85,000 psi applied stress. Table V shows a 
definite improvement in threshold stress to 85,000 to 
90,000 psi applied stress. In both tables, an anomalous 
failure at 75,000 psi is noted. Since time- to- failure 
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ordinarily shortens appreciably for higher stresses, an 
examination of the overall data trend indicates that an 

xperimental error is likely for these two specimens. In 
this accelerated laboratory test, a commonly accepted 
passing threshold stress is 75 percent of specified 
^minimum yield strength, or 67,500 psi for this grade. 
Although both processes would be considered as passing 
/these requirements, the increase in threshold stress for 
the new process is considered significant since passing 
tests at 90,000 psi applied stress are not common. No 
significant difference is noted between tube 41 from the 
new process described herein and tube 35 which received 
an additional normalizing step prior to the first inter- 
critical heat treatment. The improvement in resistance 
to sulfide stress cracking shown by the data in Tables IV 
and V is felt to be the result of the intercritical heat 
treatment and cold working steps employed. Similar 
improvement would be expected for the new process over 
the conventional process f or , commensurately tiigher 
strength grades which are employed in less severe (for 
example, elevated temper atur<a qjp lovex : . Jtvy tooqe^ pvlffde 
concentration) applications. : - , a . { . x t . 
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WHAT IS CLAIMED IS: 

1. A process for manufacturing high perform- 
ance tubulars having (a) minimum yield strengths ranging 
from 80,000 to 140,000 psi f and (b) improved sulfide stress 
cracking resistance, characterized by providing a killed 
steel, comprising in amounts by weight 0.20 to 0.35 percent 
carbon, 0.35 to 0.90 percent manganese, 0.80 to 1.50 percent 
chromium, 0.15 to 0.75 percent molybdenum, 0.25 percent 
maximum nickel, 0.35 percent maximum copper, 0.04 percent 
maximum phosphorus, 0.04 percent maximum sulfur, 0.35 percent 
maximum silicon, and the balance iron, except normal steel 
making impurities, forming the steel into tubular form, 
wherein the cross-sectional area of the tubular form is 

in the range of 10 to 40 percent larger than the cross- 
sectional area of the finished tubular, subjecting the 
tubular form to a first intercritical heat treatment to 
recrystallize and refine the grain structure, removing 
surface defects, sizing the heat-treated tubular form by 
cold working to the finished tubular dimensions, subjecting 
the sized tubular to a second intercritical heat treatment 
to recrystallize and refine the grain structure, and sub- 
jecting the finished tubular to a quench and temper treat- 
ment wherein the tubular is austenitized, quenched, and 
tempered to produce a substantially tempered martensitic 
structure having a minimum yield strength in the range of 
80,000 to 140,000 psi. 

2. A process of Claim 1, characterized in that 
the processed steel consists essentially in amounts by 
weight of from 0.26 to 0.33 carbon, 0.40 to 0.80 manganese, 
0.25 to 0.35 silicon, 0.75 to 1.30 chromium, 0.20 to 0.60 
molybdenum, 0.06 to 0.15 vanadium, and the balance iron, 
except normal steel making impurities. 

3. The process of Claim 1 or 2, characterized 
in that the steel is refined in an electric arc furnace 
and continuously cast into blooms or billets. 
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4. The process of any of th preceding claims, 
characterized in that the steel is hot-form d into tubular 
form by extrusion. 

5. The process of any of the preceding claims, 
characterized in that the first intercritical heat treat- 
ment is performed by holding the ground tubular form at a 
temperature in the range between the Ac 2 and Ac 3 tempera- 
tures for a period of 15 minutes to one hour. 

6. The process of any of the preceding claims, 
characterized in that surface defects are removed by con- 
tour grinding. 

7. The process of any of the preceding claims, 
characterized in that said cold working to finished size 
is effected by drawing the tubular form over a mandrel. 

8. The process of any of the preceding claims, 
characterized in that the second intercritical heat treat- 
ment is performed by holding the sized tubular at a tem- 
perature in the range between the Ac x and Ac 3 temperatures 
for a period of 15 minutes to one hour* 

9. The process of any of Claims 2 to 8, char- 
acterized in that the quench and temper treatment comprises 
an inside-outside water quench from a temperature in the 
austenitizing range of 1650° to 1700°F. to a temperature 

in the range of 100° to 200 °F. 

10. The process of any of Claims 2 to 8, char- 
acterized in that the sized tubular after quenching is 
tempered at a temperature in the range of 1250° to 1350 °F. 
to produce a yield strength range of 80,000 to 95,000 psi. 

11. The process of any of Claims 2 to 8, char- 
acterized in that the sized tubular after quenching is 
tempered at a temperature in the range of 1250° to 1325°F* 
to produce a yield strength range of 90,000 to 105,000 
psi. 

12. The process of any of Claims 2 to 8, char- 
acterized in that the sized tubular is tempered at a tem- 
perature in the range of 1225° to 1300°F. to produce a 
yield strength range of 95,000 to 110,000 psi. 
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13. The process of any of Claims 2 to 8, char- 
acterized in that the sized casing is tempered at a tem- 
perature in the range of 1200° to 1275°F. to produce a 
yield strength range of 110 , 000 to 125,000 psi. 

14. The process of any of Claims 2 to 8, char- 
acterized in that the sized tubular is tempered ati a tem- 
perature in the range of 1150° to 1250°F. to produce a 
yield strength range of 125,000 to 140,000 psi. 

15. The process of any of Claims 2 to 8, char- 
acterized in that the sized tubular is tempered at a tem- 
perature in the range of 1100° to 1200°F. to produce a 
yield strength range of 140,000 to 155,000 psi. 

16- The process of any of the preceding claims, 
characterized in that the first intercritical heat treat- 
ment is at a temperature in the range of 1400° to 1500 °F. 
for a period of 15 minutes to one hour, and that the second 
intercritical heat treatment to recystallize and refine 
the grain structure is also in the range of 1400° to 1500°F. 
for a period of 15 minutes to one hour. 

17. The process of any of Claims 1 to 8 or" 10 
to 16, characterized in that the tubular is austenitized 
at a temperature in the range of 1650° to 1700°F for one 
hour and then quenched to a temperature in the range of 
100° to 200°F. 

18. Intercritically heat treated cold worked 
quenched and tempered high performance tubulars charac- 
terized by improved hydrogen sulfide stress cracking 
resistance at minimum yield strengths ranging from 80,000 
to 140,000 psi and comprising a killed steel consisting 
essentially in amounts by weight of from 0.26 to 0.33 
carbon, 0.40 to 0.80 manganese, 0.25 to 0.35 silicon, 
0.75 to 1.30 chromium, 0.20 to 0.60 molybdenum, 0.06 to 
0.15 vanadium, and the balance iron, except normal steel 
making impurities, the steel having a grain structure finer 
than ASTM 5, and a microstructure comprising substantially 
tempered martens ite. 

19. A high performance tubular made in accordance 
with the process set forth in Claim 1 or 2 . 


